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Congenital Dyserythropoietic Anemia (CDA) is a heterogeneous group of hematological

disorders characterized by chronic hyporegenerative anemia and distinct morphological

abnormalities of erythroid precursors in the bonemarrow. In many cases, a final diagnosis

is not achieved due to different levels of awareness for the diagnosis of CDAs and lack

of use of advanced diagnostic procedures. Researchers have identified five major types

of CDA: types I, II, III, IV, and X-linked dyserythropoietic anemia and thrombocytopenia

(XLDAT). Proper management in CDA is still unsatisfactory, as the different subtypes of

CDA have different genetic causes and different but overlapping patterns of signs and

symptoms. For this reason, we developed a new telemedicine tool that will help doctors

to achieve a faster diagnostic for this disease. Using open access code, we have created

a responsive webpage named CoDysAn (Congenital Dyserythropoietic Anemia) that

includes practical information for CDA awareness and a step-by-step diagnostic tool

based on a CDA algorithm. The site is currently available in four languages (Catalan,

Spanish, Italian, and English). This telemedicine webpage is available at http://www.

codysan.eu.
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INTRODUCTION

Congenital Dyserythropoietic Anemia (CDA) is a heterogeneous group of hematological disorders
characterized by chronic hyporegenerative anemia and distinct morphological abnormalities of
erythroid precursors in the bone marrow. Patients with CDA present congenital and chronic
anemia of variable degree with a reticulocytosis not corresponding to the degree of anemia
(ineffective erythropoiesis), jaundice and frequently splenomegaly and/or hepatomegaly (Iolascon
et al., 2012, 2013).

Five classical types of CDAs (I–II–III–IV and XLTDA) have been defined based on bone marrow
morphology. Among all types, CDA type II is the most common and well-known form. Genetically,
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CDA type Ia (OMIN 224120) and CDA type Ib (OMIM
615631) are caused by mutations in codanin 1 (CDAN1)
(chr 15q15.2) and C15orf41 (chr15q14) genes, respectively
(Dgany et al., 2002; Babbs et al., 2013). CDA type II (OMIM
224100) is due to pathogenic variants in Sec23 homolog
B, coat complex II component (SEC23B) gene (chr20p11.23)
(Bianchi et al., 2009; Schwarz et al., 2009). Few patients with
CDA type III (OMIM 105600) have been described: they
present the same mutation in the Kinesin Family Member
23 (KIF23) gene (chr15q23) (Liljeholm et al., 2013). CDA
type IV (OMIM 613673) is due to mutations in the Kruppel
Like Factor 1 (KLF1) gene (chr19p13.13) (Arnaud et al.,
2010; Jaffray et al., 2013). Finally, X-linked dyserythropoietic
anemia and thrombocytopenia (XLDAT) (OMIM 300367) is
caused by mutations in transcription factor GATA Binding
Protein 1 (GATA1) gene (chr Xp11.23) (Nichols et al., 2000;
Del Vecchio et al., 2005). CDA types I and II are inherited
in an autosomal recessive manner, CDA type III and IV
present an autosomal dominant inheritance pattern and X-
linked dyserythropoietic anemia with thrombocytopenia has an
X-linked mode of inheritance.

Depending on the type of CDA, different treatments have
been established. Allogenic bone marrow transplantation has
been successfully employed in a few severe cases of CDAI and
CDAII. CDA III patients may require a transfusion only during
times of extreme anemia e.g., pregnancy or surgery. Treatment
focuses on hemoglobin normalization with the administration of
interferon (IFN) alpha is used with success in CDA I patients
with CDAN1mutations; however, patients bearing a mutation in
a different gene i.e., C15ORF41 were unresponsive to this same
treatment. Severe cases of fetal anemia associated with CDAI,
CDAII, and XLTDAmay require intrauterine transfusions. Blood
iron levels should be closely monitored in CDA I, CDAII,
and other CDA patients undergoing regular transfusions. In
these cases, morbidity may be severe due to iron overload
complications that can be fatal if left untreated (Gambale
et al., 2016; Palmer et al., 2018); therefore, it is imperative to
monitor iron overload and induce iron depletion, when needed,
by iron chelation. This working classification of CDA is still
in use in clinical practice; however, the identification of the
mutated genes involved in the majority of CDA subgroups
will improve the diagnostic possibilities and allow a better
classification of CDA patients. At present, in many cases,
a final diagnosis is not achieved due to different levels of
awareness for the diagnosis of CDAs and lack of use of advanced
diagnostic procedures. In addition, there are families that fulfill
the general definition of CDAs, but do not conform to any
of the classical CDA variants. Therefore, it is very plausible
that new forms of CDA may exist. These new forms will
be possibly identified if a proper diagnosed is achieved in
each patient suspected with CDA. Toward this goal, we have
developed a new telemedicine tool named CoDysAn (Congenital
DyserythropoieticAnemia) for themanagement and diagnosis of
patients with this disease.

The aim of CoDysAn webpage is to provide a freely accessible
website where general public, patients and medical doctors can
better understand and learn more about this disease. Moreover,

CoDysAn web page includes a diagnosis algorithm tool to ease
the classification and diagnostic of CDA types.

METHODS

Patients and Validation
CoDysAn web algorithm has been developed with a set of 24
patients genetically diagnosed of different types of CDA (18 CDA
type II, 1 CDA type Ib, 4 CDA type Ia, and 1 XLTDA) and with a
set of 19 additional patients genetically diagnosed of non-CDA
hereditable anemias including eight hereditary spherocytosis,
four patients with pyruvate kinase defects, one patient with
pyruvate kinase defect and a beta thalassemia trait, one patient
with defects in hemolytic anemia due to adenylate kinase
deficiency (AK1) gene, one patient with X-linked sideroblastic
anemia, three patients with dehydrated hereditary stomatocytosis
type 1 (DHS1) and one patient with dehydrated hereditary
stomatocytosis type 2 (DHS2). A different set of 23 CDAII
patients was utilized to independently validate the algorithm.
Patients were previously reported (Iolascon et al., 2009; Schwarz
et al., 2009; Russo et al., 2010, 2011, 2013, 2014, 2016, 2018; Unal
et al., 2014; Andolfo et al., 2015, 2018; Di Pierro et al., 2015) and
diagnosed at the Medical Genetics Unit of A.O.U. Federico II,

CEINGE–Biotecnologie Avanzate (Napoli).

Design of Web Server
CoDysAn is implemented in PHP, HTML5, CSS, and Javascript.
The web server is executed in a XAMPP. Network visualization
and interactive exploration modules are based on several open-
source projects: Bootstrap, jQuery and Filezilla. The source
code of the diagnostic tool algorithm is implemented in php
at http://www.codysan.eu/diagnostics-tool.html. It is integrated
within this web page between lines 661 and 1,204 in four steps
corresponding to the four steps of the form. The code can
be checked by typing in a browser: “view-source: http://www.
codysan.eu/diagnostics-tool.html.”

Implementation
CoDysAn algorithm is based on the diagnostic workflow
previously proposed (Iolascon et al., 2012; Gambale et al.,
2016). This algorithm is based on hematological parameters
depending on age and gender (Table 1). Age is split in three
groups: from 0 to 6 months old; from 6 months to 12 years
old; and older than 12 years. Hematological tested parameters
include: hemoglobin levels, mean corpuscular volume (MCV),
reticulocytes count and platelets count. Exclusion of other
possible causes of anemia is also considered in the final step of the
algorithm. References values for hematological data are adapted
from general hematological reference books (Rabinovitch, 1990;
Wakeman et al., 2007; Hoffman et al., 2018).

RESULTS

CoDySan Scope
Following previous experience of the group in developing
telemedicine tools for management and diagnosis of patients
(HIGHFERRITIN Web server http://highferritin.imppc.org/
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TABLE 1 | Parameter thresholds used by the diagnostic CoDysAn algorithm.

Parameter 0–6 months 6 months to 12 years >12 years Units

Hemoglobin M 9.5–18 11–15.5 13–17.5 g/dL

F 9.5–18 11–15.5 12–16

MCV* M 77.5–111.5 74–89.5 80–100 fL

F 77.5–111.5 74–89.5 80–100

Reticulocytes M 61–134 24–114 29–95 ×109/L

F 67–142 40–162 27–91

Platelets M 145–450 145–450 145–450 ×109/L

F 145–450 145–450 145–450

*MCV stands for Mean Corpuscular Volume. M stands for male and F stands for female.

tool) (Altes et al., 2014), we have developed CoDySan web
tool. CoDySan is a user-friendly webpage for a better awareness
on the rare hereditary hematological diseases, congenital
dyserythropoietic anemias (CDAs). CoDySan webpage includes
a step-by-step diagnostic algorithm based on Figure 1. The site is
freely available at URL http://www.codysan.eu in four languages
(Catalan, Spanish, Italian, and English).

Webpage Structure and Design
The CoDysAn website is currently containing seven sections
(see Supplementary Figure 1 to visualize several screenshots
of different sections of CoDysAn webpage): A home or main
webpage section including links to other sections of the site to
make information more accessible; The CoDysAn section, where
one can found information about congenital dyserythropoietic
anemia (CDA) disease, the CoDysAn project as a whole
research project, the privacy policy, cookies policy and medical
disclaimer reminding that, as any other telemedicine project,
CoDysAn diagnostic tool is a preliminary diagnostic test and
expert medical doctors should be contacted for a conclusive
diagnosis; The diagnostic section, including the CDA algorithm
flowchart (Figure 1) and a step-by-step diagnostic tool with
specific instructions on how to use it; The collaborators section,
including links to the contributors for the CoDysAn project,
patient associations and links to similar web tools, such as
HIGHFERRITIN web server; A resource section, including news
on the CoDysAn project, bibliographical references and reference
values used for the diagnostic algorithm (see also Table 1); An
opinion section containing a Google form that allows users to
express their opinion and degree of satisfaction with the website;
A contact section, where users can directly contact CoDysAn
developers to address any doubt regarding the webpage.

Diagnostic Telemedicine Tool
The diagnostic algorithm used for setting up the CoDysAn
diagnostic tool is depicted in Figure 1. A step-by-step and user-
friendly form will progressively ask relevant patient information;
in the first stage, age, gender and hemoglobin levels should
be provided to discern if the patient has hyperhemoglobinemia
(high hemoglobin values in regards to the reference value),
anemia or if the values are inside the normal range, in which case
the web tool will return a text indicating that there is no anemia.

Due to fluctuations in the hematological parameters, the
algorithm correlates to the reference values for the hematological
provided data (hemoglobin level, reticulocytes, platelets, etc.)
according to age and gender, see Table 1. To simplify the
algorithm, we have only considered three different age ranges,
from 0 to 6 months, from 6 to 12 years, and older than 12
years old.

If anemia is detected, i.e., the hemoglobin levels are below
the normal values for the indicated gender and age range, the
algorithm will ask for three additional hematological parameters:
mean corpuscular volume (MCV), reticulocytes count, and
platelets count.

Users can change the input units of the provided
hematological parameter. These values are converted to the
international system of reference units and the value is used
to check if the parameters are within range for their given
thresholds (see Table 1).

Depending on the data provided, a new form will appear
asking to exclude specific possible causes of macrocytic,
normocytic or microcytic anemia. At least one alternative cause
of anemia should be excluded to proceed with the diagnostic
tool. In the following step, the user is asked to select additional
patient’s clinical or biochemical factors, such as binucleated
erythroblasts, malformations or electron microscopy features.

Finally, depending on the provided information, CoDySan
tool will return a result of clinical suspicion (any of the CDA
types) if it applies, or a brief explanation if there is no clinical
suspicion of CDA.

If a clinical suspicion of CDA is indicated, the user has
the option to search for world-wide genetic laboratories that
provide clinical diagnostic tests for a particular CDA gene via the
button “Search Lab.” The list of world-wide genetic laboratories is
taken from the NCBI’s Genetic Testing Registry (GTR) webpage
(Rubinstein et al., 2013). There is also the possibility to refresh
the webpage and perform a new diagnostic test via the button
“New diagnostic.”

Validation
The CodysAn algorithm has been designed with 43 patients with
hereditable anemia, including 24 patients genetically diagnosed
with different types of CDA (18 CDA type II, 1 CDA type
Ib, 4 CDA type IIa, and 1 XLTDA) and 19 additional patients
genetically diagnosed with non-CDA hereditable anemias. The
algorithm achieved a specificity of 89.5% and a sensibility of
87.5%. An additional set of 23 patients (all CDA II) was utilized
to validate the algorithm, which returned a specificity of 87%.

DISCUSSION

Telemedicine webpages and tools are significantly changing the
way medical doctors and patients approach health care and
diagnosis (Dinesen et al., 2016). CoDysAn telemedicine tool
is a webpage intended to increase awareness about the rare
disease CDA as, currently, patients suffering from this disease
are under-diagnosed (Russo et al., 2014). The content of the
webpage serves as an informative and training resource for the
general public, patients and medical doctors. The use of this
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FIGURE 1 | Diagnostic algorithm used by the CoDysAn telemedicine tool. Hb, hemoglobin; RV, reference value; MCV, mean corpuscular volume; HPFH, hereditary

persistence of fetal hemoglobin; AR, autosomal recessive; AD, autosomal dominant.

tool presents limits: patients should be considered as a whole
entity and multiple biochemical determinations are needed due
to daily parameters’ variability within the same subject. Although
hematological reference ranges are useful in results interpretation
and in clinical decision-making, it should be borne in mind
that variations within the population may affect some outcomes.
CoDysAn incorporates a diagnostic algorithm that proved to be
useful for a preliminary diagnostic. It will help medical doctors
to know which molecular diagnostics they should request,

reducing time and effort necessary for the diagnostic of CDA
and allowing a direct implementation of a proper treatment
once reached a definitive molecular diagnosis. Few reference
centers are now offering genetic diagnostic panels screening the
six known genes causing CDA. CoDySan algorithm is connected
to the NCBI Genetic Testing Registry (GTR) in a way to inform
medical doctors about the existence of these accredited diagnostic
centers to perform a complete genetic test, if required. This
telemedicine tool aims to inform the general public and aid in
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the diagnosis of CDA. It is not intended as an attempt to practice
medicine or provide specific medical advice and it should not
be used to replace or overrule a qualified health care provider’s
judgment. Users should not rely upon this website for self-
medication. We believe that CoDysAn webpage will positively
contribute to improve medical and scientific communication on
the anemia field.
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